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Abstract

An analysis was conducted to examine the market viability qf small

aircraft as a transportation mode in competition with automobile and

scheduled commercial air travel by estimating the pool of users that

would potentially switch to on-demand air travel due to cost/time

savings. The basis jbr the ana@sis model was the Integrated Air

_l),ansportation System Evaluation I_o1 _[ATSET) which was developed

under contract to NASA by the Logistics Management Institute. [A_I]_ET

is a macroeconomic model that predicts at a National level the mode

choice among automobile, scheduled air, and on-demand air travel

based on the vahte of a travelers time and monetary cost _f the trip. A

mtmber of modifications are detailed to the original 1ATSET to better

model the changing small aircraft environment. The potential trip market

was modeled Jbr the Eclipse 500 operated as a co17_orate jet and as an

air taxi jor the business travel market. The Cirrus 20R and an $80K

single engine piston aircraft (based on automobile manu/_tcturing

technolog)O are evaluated in the pleasure and personal business travel
market.

Introduction

The capacity of the nation's transportation system has not kept pace with the growth in demand. Thus,

the costs in terms of lost time and extra fuel consumed, whether it be amomobile or scheduled air traffic

continue to grow rapidly for society and businesses (Rel: 1 and 2). The nation is examining solutions to

this problem that range from high-speed rail to placing economic constraints on the existing system to

bring demand in line with capacity. NASA is also working a broad range of potential solutions fi:om

improving the throughput of the existing infrastructure by the Aviation System Capacity Program to the

introduction of vehicle systems that use smaller underutilized airports or operate independently of

runways. The new vehicle approach is especially attractive in that it expands the transportation choice fbr

the traveling public. Fm_mmtely, NASA's investments that were made through the Advanced General

Aviation Transport Experiments (AGATE) Alliance and the General Aviation Propulsion (GAP) Program

are beginning to pay off with industry producing a new generation of safer and affordable small aircraft.

These new aircraft greatly increase the practicality of small aircraft as a transportation mode that can

avoid the congestion associated with other anodes. An extensive infrasmlcture of public use airports is

available for use by small aircraft and over 98 percent of the U.S. population lives within a 30-minute

drive of one of these ai,t_orts. NASA has taken the next step to assure that these airports and the airspace

system can be reliably and safely used by the new generation of small aircraft without generating their

own set of problems and congestion. The newly ftmded program is refen'ed to as the Small Aircraft

Transportation System (SATS), and details of the program are available at reference 3. Another view of

the future of the air travel market, that is not all that incompatible with SATS, was expressed by the

Chairman of Boeing in reference 4 in which he predicted a fragnnentation of the air travel market into tiers

in which small jets (10-12 passengers) would capture the top 10 percent of the market. These jets would

operate as an on-demand airline catering to the least price sensitive segment of the market. The SATS

vision is that on-demand air service will be economically competitive with other travel options, including

automobiles, and thus available to a greater segnnent of the population.

This report presents the results of an analysis undertaken to examine the market viability by estimating

the pool of potential users of small aircraft in competition with other travel modes. The basis tbr the



analysismodelusedis theIntegratedAir TransportationSystemEvaluationTool(IATSET),whichwas
developedtradercontracttoNASAandisreportedin reference5.TheIATSET"Bottoms-Up Model" is a

macro economic model and predicts at a National level the mode choice between automobile, scheduled

air, and on-demand air travel based on the value of a traveler's time and the monetary cost of the trip.

Factors such as comfort, noise level, perceived safety, and dispatch reliability are modeled by modifying

the economic factors and travel mode evaluation options which consist of trip fixed and variable cost and

time components. Data from the 1995 American Travel Survey (Refi 6) and the 2000 U.S. Census are

used to predict the number of person trips as a function of distance and income level lbr each of the three

modes with the lowest total cost mode being the mode of choice. IATSET is a :flexible tool capable of

modeling a wide range of travel scenarios. A number of modifications were implemented to the code, as

reported in reference 5, to better model the changing small aircraft environment as a mode choice. These

modi ficafions are detailed in the :first section of the report.

The potential trip markets are modeled for the Eclipse 500 operated as a cm]_orate jet and as an air taxi

for the business travel market. The Cirrus 20R was modeled for the single engine piston (SEP) pleasure

and personal business travel market. Also, a cursory look was taken at the potential market for a SEP

manufactured with automobile manufacturing techniques with a projected sales price equal to a high-end

luxury car.

A recemly published paper entitled, "NASA Small Aircraft Costs v. Airlines, Autos and the Economic

Value of Time" (Ref.7) by Dr. Robert N. McGrath, Emb,T-Riddle Aeronautical University, examines the

market viability of SATS. Dr. McGrath's approach is entirely different, but results in similar trends and

observations as the present paper, ttis approach is to use software, TravelSense, available from the

National Business Aviation Association that calculates the actual trip expenses, hours, and productivity

comparing traveling via business aircraft versus airline alternatives. Fifiy-three city pairs were examined,

airline prices were the lowest available with 30-day advanced ticket purchase, and traveler's annual

salaries were assumed, so that detailed time and cost numbers were generated fbr the 53 city pairs. Note

that the author intentionally took a conservative or in his words "non biased" approach to price

comparisons, thus the 30-day advanced ticket price fbr scheduled air rather than unrestricted fares. The

paper gives an excellent overview of how" SATS competes based on price structure and schedule when

both cost and time are considered, but gives no insight into the overall nmnber of trips (i.e., size of the

market). This study with its macro view focuses on the potential size of the market from a U.S. domestic

point of view and treats each mode's price structure as a single set of variables that represent the averages

ibr that mode. The original intent of IATSET was to feed a series of other models by generating small

aircraft air traffic, including origins and destinations. Since airline fares, depending upon competition or

lack of competition among airlines, tend to be highly variable at shorter distances, there is a good

possibility that the cm'rent study maderestimates the potential pool of trips for on-demand air and

automobiles relative to commercial air at any particular moment when compared to the nmnber of fares

above the average. However, airline fares must be competitive with other anodes of transportation over

time, so mode choice based on national average fares represents a more conservative stable view of the

potential market.

Model and Model Expansion

The Integrated Air Transportation System Tool (IATSET) (ReE 5) models demand for automobile,

commercial scheduled airline, personal on-demand air travel, and business on-demand air travel based on

cost, time, income level, ease of access/egress, and purpose of the trip. Mode variables capture out-of-

pocket expenses to make a trip and also the value of time expended, modified by the quality of the travel

experience in terms of comfort, noise level, perceived safety, reliability, and flexibility. The IATSET user



hascompleteflexibility to modifyanyof the modevariablesaswell asto definea newmodeof
transportation.Totalperpersontrip costsarecalculatedfor eachmodeasa functionof trip distance,
blockspeed,access/egresstimes,andhouseholdincome,andthemodewith thelowesttotalcostwas
consideredto bethepreferredmode.Percapitatripdata,whichis alsoaffmctionof householdincome
andrange,fromthe 1995AmericanTravelSurveydetemfinesthenumberof tripsby eachmodeper
person.Therearevariousmeasuresof householdincomeandreference5presemsadetaileddiscussionof
thosedefinitionsandtheadjustmentsrequiredtoharmonizethe1995AmericanTravelSurveyhousehold
incomewith databasesthat containeconomicanddemographicprojectionsfor everycountyand
metropolitanstatisticalareain theUnitedStates.Hourlyincomewasestablishedbyscalingfromyear
1995dollarsto year2000dollars,thendividingthehouseholdincomebythenumberof wageearnersper
household(U.S.CensusBureaudatacontainsnmnberof earnersperhouseholdasafunctionofhousehold
income),andthenby2000hoursperworkyear.Thesehourlyrateswerethevaluesof timeusedin the
totaltrip costcalculation.Percapitatripsaremultipliedby thepopulationof thathouseholdincome
brackettoan'iveatthenumberofpersontripsataparticMardistanceforthatincomebracket.

Severalmodificationsweremadeto theIATSETmodelthatwasdeliveredtoNASA.Thetopannual
householdincomeforthe1995AmericanTravelsurveywas$150Kandabovewhichresultedin thetop
hotMyratebeing$66.81perhour.The2000Censusdatashow2.699millionindivi&lalearnersabovethe
ageof 15whomakeconsiderablymorethan$66.81perhour.Thetopbracketfor theCensusdatais
$250Kandabovewithameanincomeof $492Kor $247perhourforthatbracket.Thedataalsoshows
4.978Mhouseholdswithannualincomeabove$150K.Sincepercapitatripsandtheabilityto affordon-
demandtravelincreasesrapidlywith income,a betterdefinitionof higherincomehouseholdsand
individualincomeearnerswasneededtoproperlycapturethemarketpotentialfor on-demandair travel.
Further,theincomeorhourlywagenmnberswerestructureddifferentlyforpersonaltravelandbusiness
travel.Year2000Censusdataforhouseholdincomewasusedtodetemfinethevalueof timeforpleasure
andpersonalbusinesstravel,andtheCensusdataforindividualincomeearnerswasusedasthevalueof
timeforbusinesstravel.Additionalincomelevelsof $150K-$199K,$200K-S249K,and$250Kandabove
wereestablishedwiththepopulationsizeandmeanincomenmnbersfi'omtheU. S.CensusBureau2000
AnnualDemographicSurvey.SincetheAmericanTravelSurveytopincomelevelwas$150Kandabove,
thepercapitatrip numbersfromthesurveywereplottedandthenextrapolatedto thehigherincome
levels.Anyerrorintroducedby suchextrapolationisprobablywellwithintheaccm'acyof theoriginal
survey,andwithouttheimprovedhigherincomedefinitionsthemodelcorrelatedpoorlywithexistingon-
demanddata.

Twomoreminormodificationsweremadeto IATSET as delivered. The anode variables tbr on-

demand air did not include the range of the vehicle as an input. Since refueling civil aircraft requires a

thne consuming stop, the fommlas for the trip cost were modified to accept aircraft range and to add an

hour for each flight segment when the range is exceeded. The second modification was one of

convenience. The original IATSET added the per capita personal and business trips together before

determining the number of trips by multiplying by the associated population. The personal on-demand

market, which largely comprises piston aircraft, and the business market, which includes jet and

turboprop aircraft, are really two separate models. An additional step was added to calc_flate the potential

trips associated with personal and business travel separately beibre adding them together. This allows

more insight into the absolute numbers as well as more insight into how on-demand business or personal

travel captures trips from the automobile or scheduled airlines.



BaselineValues

TheunmodifiedIATSETbaselinevalueswerecalibratedon theactual1995datafor personaluse
vehicles(cars,m_cks,vans,motorhomes,andmotorcycles)andairplanetripsandcomparedvery"well.
ttowever,corporateandpersonalairplanetripsin theunmodifiedmodelwereabouthalfthenumberof
itinerategeneralaviation(GA)airplanetripsreportedin tileFAATerminalAreaForecast(TAF)data.
Theunder-representationappearsto belargelyinbusinesstravel,andthelackof higherincomebracket
detailswasprobablythelargestcontributingfactor.However,thedatasourcesvarywidelyin thenumber
of persontripsin 1995fbr GAaircraft.The1995AmericanTravelSurveyindicates5.29Mpersontrips
over100miles(one-waydistance)bynoncommercialaircraft,whiletheFAATAFdataindicates5.22M
itinerateairplaneGAroundtripsfromairportswithair traffic controlservice.NotethatFAA datais
aircraftoperationsandhasnodistanceassociatedwithit, sosomeportionofthesetripscouldbelessthan
100milesbetweenoriginanddestination.However,theseareairplanetripsandtilenmnberofpassengers
(includingthepilot)pertripwouldaveragemorethanone,andtheoperationsfromnonconm_lledairports
arenot included,soit's reasonableto assumethenumberof persontripsis considerablyhigherthan
indicatedin theAmericanTravelSurvey.

Asthemodelwasbeingmodifiedto reflectthehigherincomebrackets,thenumberof automobileand
scheduledairlinetripswasmonitoredtobeconsistentwiththeoriginalmodel,ttowever,thenumberof
scheduledcommercialairtripsincreasesapproximately5percentdueto thehigherincomesmodeled,but
theoriginalmodelunderpredictedscheduledcommercialair by a little morethanthis(Ref.5) so
correlationwithdataactuallyimproved.(Bas-liningGAwithamacroeconomicmodelasatransportation
modechoicebasedontimeandcostconsiderationsisdifficultbecausemuchof theGAactivityisdueto
loveof flyingandflyingasahobby.)

Thepurposeof themodechoiceactivityis to determinethecharacteristicsanddistributionof small
aircraftasacompetitivetravelmode,soanattemptwasmadeto baselineon-demandairtravelalongthis
vein.Thepotemialmarketisdefinedbythenumberofpersontripsforwhichon-demandairtravelhasthe
lowestcostin termsof travelcostandtraveltime.In general,for anairplaneclasssuchasbusinessjets,
themagnitudeof thepotentialmarketisdefinedbytheairplaneswiththelowestfixedandvariablecosts.
Moreexpensiveaircraftwithslightlybettermissionperformancearea subsetof thebroadermarket
appealingto a smallersetof higherincomeleveltravelers.Threeairplaneswereusedto baselinethe
market:CitationII businessjet,MU-2Marquesturboprop,andasingleenginepistonrepresentedbythe
ConklinanddeDeckerSEPgeneric.TheConklinanddeDeckerAircraftCostEvaluator(ACE)(Refi8)
wasusedto developrelativeoperatingcostsfortheaircraft.ConklinanddeDeckerisaconsultantand
inlbrmationproviderforbusinessandGA,andACEcontainsdatafor over350smallaircraft.Theyear
2000on-demandairtravelmarketwasprojectedbythemodifiedIATSATto be9.74Mpersontrips.That
numberisconsiderablymorethanthenumberattributedto noncommercialaircraftextrapolatedfromthe
AmericanTravelSurveyandmorein line with theFAA observed2000generalaviationitinerate
operations.The9.74Mon-demandpersontripswill serveasthebasemarketfromwhichnewsmall
aircraftandoperationswill beevaluated.Anypotentialon-demandmarketwill bequantifiedasin
additionto or asgrowthto thisbasemarketandaretripsdivertedfromeitherautomobileor scheduled
commercialairlinetravel.All nmnbersarefortheyear2000populationandincomestatisticsbutcanbe
projectedto futureyearsusingCensusprojections.Sincenew,moreefficientaircraftalsoreplaceolder
aircraft,theactualsalesfornewaircraftwill begreaterthanthegrowthmarket.Thenumbersarecastin
termsofexpansionovertheexistingsystem.



Business Travel

The business travei segment of tile market is tiae most sensitive to tile efficient use of time and tends to

pay premium fares to keep travel options unrestricted. Business jets are already the most rapidly growing

segnnent of the GA market with over 500 being added each year. Fractional ownership has been a boom to

consolidating the needs of muitipie users whose individuai or corporate travel demands are less than

required to economically utilize their own jet. But in general, IATSET results indicate that on a cost/time

basis, the cmTently available business jets will appeal oniy to the very highest income levels. Keep in

mind that IATSET is a macroeconomic model and specific scenarios in telvns of actual city pairs or trip

details can be constructed to broaden tile appeal of current business jets. Both approaches are valid, but

IATSET provides a national perspective on the on the potential market size as to the number of trips

likely to t:aw)r one travel mode over another.

As discussed in tile Introduction, earlier NASA sponsored resem'ch is beginning to pay off in terms of

a new general:ion of safer and more affordable small aircraft which use small, efficient turbofan engines

based on GAP technology. The Eclipse 500 (Ref 9) is projected to be commercially available in January

2004, and both the initial purchase price and operating costs are projected to be considerably less than

currently available business jets. The Satire S-26 is a second business jet with price breakthroughs and

will follow with delivery in June 2004. The potential market is defined in terms of the number of business

trips with the iowest totai cost as a function of money cost and time. A note of caution is required belbre

interpreting the results, and that is the capture of any significant portion of tiffs market is dependent on

matching service levels with user needs. The lowest cost mode, which is sole ownership, results in the

greatest number of potential trips but doesn't lend itself to very deep penetration of tile market because

few in the pool of potential users need the number of trips to economically utiiize the aircraft. Fractional

ownership partiaiiy solves this probiem, but the individual or corporate owner still requires a significant

number of trips ibr tire economics to work. Air taxi or charter provides the greatest flexibility, but also

tends to be the most expensive but should be able to capture most of its potential pool of trips.

The number of potential person trips (round trips) associated with the trip costs and block speed of the

Eclipse 500 carrying 4 passengers and operated as a typical corporate jet tirat is wholiy or fractionally

owned are shown in Figm'e l(a). Tile trips are additional trips over the 2000 market that are generated due

to the lower aircraft price and direct operating costs. The potential number of additional business trips for

which a small jet is the mode choice compared to business class airfares and automobile travel is very

large and exceeds today's trip market of approximately 4M person trips even for the most expensive

cun'ent per trip option which is fractional ownership. A striking number of potential additional person

trips results from reducing the traditional pilot and copilot corporate crew to a single pilot which results in

total trip cost being much more competitive with business class fares on scheduled airlines. As shown in

figure 1 (b), a large number of aircraft would be required to generate this number of trips. The number of

aircraft assume 250 flights per year for corporate ownership and 400 flights per year fbr ffactionai

ownership which are typicai fbr tllese type operations. Again, a relatively small share of this market can

be captured because few users eitiaer individuaily or organizationaliy have tire need to justify owning a

business jet. Fractional ownership penetrates more of this market, but is still targeted toward those who

need 25 to 200 fligilts per year.

Maximum service to the potential on-demand air travel market is provided by allowing the traveler to

buy-by-the-flight, as in air taxi and charters. Per trip costs may be higher than those ibr ownership

options, and that resuits in fewer trips for air taxi as the prefen'ed mode choice, but vfftually the entire

number of trips can be captured since the trips are pro'chased one at a time. Eclipse Aviation envisions

that "tbr those who don't want to pilot themselves .... that aircraft charter, complete with professional



pilot,will typicallybecompetitivewithafull-fareairlineticket."Prospectiveair taxioperationsutilizing
theEclipsehaveindicatedratescouldstartabout$600perhour(Ret:10).Withoutknowingthedetailsof
intendedcoverage,policyonplacementflights,andprojectedaircraftutilizationin flightsperyear,it is
difficultto discernif thisrateis sufficientto provideaviablebusinessmodelor is amarketingrateto
drawattentiontothebusiness,butil:comparesfavorablywiththecorporatehourlyratewhichis estimated
tobealittlelessthan$500/hrbutis alsobasedonmuchlessutilizationanddoesn'tincludeaprofit.Thus
lookingatthemarketstartingat$600pea"hourandaboveisreasonable.

Thenumberof potentialpersontripsresultingfromvariousEclipse500air taxipricingoptionsis
showninFigure2(a).Thesinglepilotnumberfl'omFigure1is shownforreferenceandallnumbersare
for a singlepilot and4 passengers.If the$600perhouris approximatedby $1.72/mile(statute)an
extremelylargenumberof persontripsresultsasthemodeofchoice.However,overhalfarein the150to
250mile (one-way)rangeandmostcertainlycouldnotbeservedprofitablyat a singleflat rateof
$1.72/milewithnominimumcharge.As withautomobiletaxis,someminimumwouldberequired,so
ratesof $200,$400,and$600plus$1.72/milewereexaaninedandtheresultsareshown.A ratestructure
similarto thiswouldallowtheairtaxiserviceprovidertocapturethefixedcostoneachflight.Thedata
in thefigureindicateshowtheoverallnationalmarketrespondsto theseflarestructuresandnojudgment
ismadeonthepartof theauthorastotherequiredyieldor fareto establishasuccessfulair taxiservice.
Therequiredyieldwill dependonacompany'scoststructureandcoverageof themarket.Mostlikelythe
farewill vaaT withtheoriginanddestinationduetotheneedto repositiontheaircraft.Faresshoulddrop
overtimeasthesystemmatta'esandaircraftrepositioningbecomeslessof afactor.AsFigure2(b)shows,
theyear2000potentialmarketsfor the$200,$400,and$600plus$1.72/mileratestructureareall
sizeablerelativeto today'sfleetandwouldrequireapproximately7,800,2,900and1,300airplanes,
respectively.Futm'emarketswouldgrowasleastasfastasthepopulationandincomelevel,butaremore
likelytogrowmuchfasterduetoincreasingcongestioninautomobileandscheduledairtraffic.Thelarge
diff?rencesin thenumberof aircraftfor corporateratestructureandair taxi is theresultof average
corporateutilization of 250 yearly flights while the air taxi is assumed to have 1200 fare flights per year.

Another way to look at the size of the market is the total revenue generated. For instance, if the average

flight is 500 miles, the markets are approximately S10B, $4.5B, and $2.2B, respectively. Another

candidate rate structure would be to charge for air taxi service in hourly increments. The numbers were

generated for a rate structure of $800 lbr the first hour and then in increments of $600 per hour thereafter

with a fifll hour being charged for any fraction and are shown on the far right in Figures 2(a) and (b). This

is also a potential healthy market and would require over 5500 aircraft to meet all of the year 2000

demand. All of the numbers are for the on-demand market generated in addition to the existing markets

tbr air taxi, chartered, corporal:e, and fractional ownership operations, i.e., this number of person trips are

diverted from either automobile or scheduled air due to on-demand air becoming a more attractive mode

of choice. A successful air taxi operation would also be expected to captm'e some of the existing market,

thus increasing the number of air taxi trips and required aircraft over those presented.

Figure 3 indicates the sensitivity of the market to the assumption that there is an average of 4

passengers per :flight. About 75 percent of the potential number of person trips are lost in terms of anode

choice if the average number of passengers drops to 3. Although this is a large decrease in the number of

person trips, approximately 2800 airplanes are still needed to service the market at 3 passengers per flight.

At 2 passengers or less per flight, the service is not a competitive mode choice in terms of cost/thne.

Again, these numbers are the result of a national level macroeconomic model, and additional detailed

comparison with actual amine :fares and sche&fles between actual city pairs and with travel plans that

include visiting multiple sites in a day would present opportunities lbr air taxi at lower passenger loads

similar to those existing in the ctm'ent market.



In summary,theadventof lowpricedbusinessjetssuchastheEclipse500andSatireS-26hasthe
potentialto generateahealthy,competitiveairtaximarketthatcouldbecomethemodechoiceoverthe
automobileatshortrangesandcommercialscheduledair atlongerranges.Therealizationof thismarket
will dependondevelopingasupportinginfi'astructurethatdoesnotincreasedelayswithgrowthingeneral
aviationaircraftandprovidesthereliabilityandsafetyassociatedwithothertransportationmodes.Based
on today'sdemand,anair taxi systemhasthepotentialto increasethenumberof flightsperday
somewherebetween10,000and24,000.Whiletheseflightswill spreadoutamongtheof smaflergeneral
aviationairports,theywill addgreatlyto the en :route congestion as the business jets vie for the airspace

occupied by commercial jets.

Pleasure and Personal Business Trips

Although any aircraft can be modeled into either the pleasta'e and personal business or business

categories, the pleasure and personal market tends to be dominated by sell-piloted SEP aircraft. The

personal travel market is also more difficult to model in a macroeconomic sense in that it spans trips such

as a single person on a one-day trip to the whole family on a week long vacation. The fixed trip costs,

which include expenses such as parking, taxi, and/or rental car, will va_ considerably between these type

trips and have a great impact on the mode chosen. The defiault values in IATSET are set to reflect family

vacation scenarios and thus penalize scheduled and on-demand air travel with large fixed trip cost relative

to automobile travel. Due to the great variability in trip fixed cost, most of the data in the report were

generated with just the cost of traveling to and fi'om the destination considered, that is, no :fixed trip cost,

however, a sensitivity to trip fixed cost is presemed.

The potential numbers of person trips as the mode of choice generated by an aircraft with the

economics and performance of the Cirrus 20R are shown in Figure 4. Mode choice is dictated by the

value of time and cost advantage with the passion for flying or flying as a hobby factored out since the

study is for transportation across the complete populace. Average operation lbr SEP aircraft is about 100

:flights per year. At 100 itinerant flights per year, the Cirrus 20R would not capture any additional trips

that are currently being taken by automobiles and commercial aviation and would thus not be expected to

increase GA as a transportation mode. If aircraft utilization could be increased to 400 flights per year

without an increase in overhead expenses, a substantial pool of 24.5M personal trips is developed. At 600

flights per year the pool grows to almost 48M person trips. However, since the trips are self-piloted, at

least one person on each flight must be a pilot so penetration of this market may be small. The numbers

also indicate that the Cin'us 20R as a professional piloted air taxi would not capture any personal trips

from auto and commercial air markets. The number of aircraft needed to meet the market is not shown as

it can vary widely based on the assumptions about the nmnber of future pilots in the U.S. population.

What can be gained from the figure is that there is a substantial potential market, and that how much of

that market that can be captured will depend on reducing the cost per trip of available SEP aircraft. This

can be done by much greater utilization and reducing the difficulty of flying to approach that of driving an

automobile to overcome the fact that only about 1/4 of 1 percent of the U.S. population is licensed to fly

some type of aircraft.

Figure 5 illustrates the effect of trip fixed cost. Trip fixed costs are assumed to only be the cost of a

rental car at the destination for five clays at $40 per (lay. Again, at the current rate of 100 flights per year,

there are no new trips captured fi'om auto and commercial air. The pool of potential trips at a flight rate of

400 flights per year drops from 24.5M to 1.7M when the trip fixed costs are partially considered. Since

there can be other :fixed cost such as airport parking or a taxi to-and-fi'om the originating airport, even at

400 flights per year, an airplane with the economics and performance of the latest SEP designs available



will notgeneratesignificantnewGAtravelfortripsof extendedstay.Thisfigurealsoexplainswhya
segmentofthepersonalaircraftmarketcontinuestostrivetodevelopanaffordableroadableaircraft:.

A cursorylookwastakenatanairplanewithapurchasepriceof $80Kandwiththepertbnnanceofthe
Cirrus20R.Someelementsof theGAindustryprojectthattheapplicationof automobilemanufacturing
techniquesto SEPaircraftcouldresultin aircraftpricedapproximatelythesameashigh-endluxury
automobiles,thusthe$80Kprice.Assmningthatspeed,range,andseatingis comparableto theCin'us
20R,theyear2000poolof persontripsis 6Mand48Mfor theaircraftwithflightratesperyearof 100
and400,respectively(Figure6). (No :fixedtrip costsareincluded.)Thecostsfor the$80Kairplane
continueto assumeannualfixedcostssuchastheairplaneishousedin arentalhangar,weatherservice
subscriptionis included,andtherearerecun'entpilottrainingcosts.Assumingtheaircraftutilizationand
theeaseof flight/pilotchallengescanbesolved,thenewmarketcouldreasonablyincreasetoday'sSEP
fleetbymorethan25percentasatravelmodeofpreferencebasedoncostandtimesaved.

Becauseof the low blockspeed,theSEPhasa relativelynarrowwindowof advantagebetween
automobiletravelandcommercialairandanyreductionin blockspeednan'owsthatwindoweven:further.
GenerallylowerSEPaircraftpricemeanslowerperformance.If thatis trueforthe$80KSEP,thenthe
poolofpotentialtripswouldbesubstantiallyreduced.ThedatainFigure7indicatesthatover40percent:
of thenumberofpersontripsarelostif thetripblock:speeddropsfrom162mphto 140mph.Thehigher
cruisespeedof commercialjetsstartstoovercometheaccess/egresstimeadvantageoftheSEPaircraftat
about450to500miles.

ThemacroeconomiclookatSEPaircraftasamodechoicefor pleasureandpersonalbusinesstravel
indicatesgreatpotentialforthoseaircraftto becomeacompetitivemodeof transpm_ationwhencompared
toautomobileandcommercialscheduledairtravelforshorterrangetrips,butwithamuchlessclearpath
to achievethatthanbusinessjet aircraft.Toachievethatpotentialthefixedanddirectoperatingcostsof
SEPneedacostparallelin theirclasssimilarto theEclipsein businessjets.Dramaticcostreductions
couldbeachievedbyeitherof twoeventsandtogethertheeventshavegreatsynergism.SEPaircrafthave
historicutilizationratesthatareverylowwhencomparedto commercialmodesof transportation(much
lessthan5percentof atypicalcommercialairliner).Soastechnologiesthatsupportsafeandreliable
smallaircrafttravelbecomeavailable,themarketneedsto respondwithapproachesto increasetheSEP
classof aircraftutilizationto achievecosteffectiveness.Potentialsolutionsco_fldbeanetworkof co-ops
ornation-wideairplanerentalcompaniesmoreliketheautorentalcompanies.Withincreasedpotential
demand,thepossibilitythat SEPaircraftcouldbemass-producedwith automobilemanufacturing
processesis increased.Overhangingthisscenariois thatthepleasureandpersonalbusinesstravelcost
structureisbasedonamemberof thetravelpartypilotingtheaircraft,andincentivesmustalsobethere
formanymorepeopletobecomepilotsbecausetheyperceiveGAasanattractive,cost-effectivemodeof
transportation.Themacro-economicmodelindicatesthatanair taxi basedon SEPaircraftwouldnot
divertadditionaltravelersfromautomobileorsche&fledair.

Concluding Remarks

A macroeconomic model the Integrated Air Transportation System Evaluation Tool (IATSET), that

was developed under contract to NASA to model small aircraft traffic was modified to strengthen the

market demand aspect of the tool. Modifications included a definition of the individual income classes for

the business travel model and a better definition of higher household incomes for the pleasure and

personal business travel model. IATSET was used to develop a top-level perspective on the potential

market for several new and emerging aircraft for personal and business travel. Utilizing technologies

developed in previous NASA programs, new, low-cost business jets are being marketed. The pool of



persontripsforwhichalow-cost,professionally-piloted,businessjet wouldbethemodechoicebasedon
costandtimesavedis large.Theproblemthaiveryfewindividualsororganizationsrequirethefifll useof
abusinessjet issolvedundertheconceptof aftbrdablejet airtaxi.Fromaneconomicpointofview,the
potentialpoolis smallerthanibr afullyutilizedownedaircraftdueto increasedcostof airtaxi,butthe
economicallyserviceableportionof thepoolmaybethecompletepool.Theadditionaldemandfor
businessjet servicecouldincreasethefleet50to 100percentbasedonyear2000demandnumbers.The
demandwouldbeexpectedto growinthefutm'ewithbothpopulationandincomeaswellasin response
toincreasingcongestioninhighwayandscheduledairtravel.

Pleasureandpersonalbusinesstravelby singleenginepiston(SEP)aircraftthatarepilotedby a
memberof thetravelpartyhavemoreobstaclesto overcomeasapreferredtravelmode.Thecostsof
owningandoperatingtheseaircraftneedreductionssimilarto thoseoccmTingin thebusiness jet market.

SEP aircraft have historically averaged only about 100 flights per year (50 trips), which results in high

fixed cost per flight. For the costs per flight to be more aligned with those needed to capture trips from

highway and scheduled air travel, the utilization of SEP aircraft needs to be much higher, or the price of

the aircraft needs to be much lower. Fractional ownership of SEP's, a network of co-op's, or a network

for rentals similar to automobile rentals could be market solutions to meet the detained. The application of

automobile manufacturing techniques to SEP aircraft are being investigated, and airplane price reductions

on the order of 50 percent are being projected. The combination of lower priced aircraft and high

utilization results i_1a very large pool of potential trips for which this is the mode of choice. The biggest

barrier to captm'ing this pool is the assumption that a member of the travel party is piloting the airplane.

The cost, time, and difl'iculty of becoming a pilot would need signil'icant reduction to establish this

market. The macroeconomic model indicated negligible additional demmld due to the higher costs _br

professional piloted SEP aircraft in the personal travel mm'ket.

The macroeconomic model is intended to capture national level demand for a particular mode of

transportation based on the cost, time, income level, ease of access/egress, and purpose of the trip.

Although significant potential market for on-demand aircraft is projected, the projections are most

certainly consmwative in terms of potential trips that could be diverted from scheduled airlines. Ticket

prices in the short to medium range market are highly variable, and a receut sampling indicates an under

prediction of scheduled airline fares at these distances lbr the IATSET del3ult values which represent all

distances with a single equation. Further modification of IATSET will be tmdertaken to better capture the

range of airline flares as a function of trip distance rather than attempt to represent the entire system with a

single set of fare price variables. Even more detailed market studies could be conducted by examining the

actual city pairs and fares in the system to detmvnine the mode choice, but because the shorter range fares

fbr commercial air travel tend to be high because of lack of competition in many of these markets such

detail may actually result in overstating the market since those fares may drop rapidly with the

introduction of competition. So the plan is to vary fares with distance at the national averages so that the

pool of potential trips diverted from other travel modes represents a stable, competitive market.

References

1. Schoenberger, (;hanna R., Stop and Go, Forbes, Volume 169, Number 11, May 13, 2002

2. Aviation Capacity, Director's Comments, Air Transport Association, August 2001,

http://www-airlines.org/public/industry/bin/CapacitySmnmit.pdf, Jtme 2002

3. SATS Ovenriew, Small Aircraft Transportation Office, NASA,

ht_://sats°h_rc.nasa°gov/overviewsats°html, June 2002

4. Schemeltzer, John, Airlines May Return to Black, but Air Travel Forever Changed, Daily

Press, Januai T 6, 2002



5. Wingrove, Earl R. III; Hees, Jing; Villani, James A., The Integrated air Transportation

System Evaluation Tool, NASA NS104S 1, November 2001.

6. The 1995 American Travel Smwey, Depm_nent of Transportation, BTS-CD-22, Burem_

of Transportation Statistics, August 1999.

7. McGrath, Robert N., NASA's Small Airplane Costs v. Airlines, Autos and file Economic

Value of Time. SAE 2002-01-1546, April 2002

8. The Aircraft Cost Evaluator CD/ROM, Spring 2000 Edition, Conklin and de Decker
Aviation Information

9. Trautvetta, Chad. Eclipse Gathers Itself tbr Projected First Flight, Aviation International
News, June 2002

10. Small Airports-To Be or Not To Be. Aviation Week and Space Technology, April 12,
2001

10



Figure l(a)- Eclipse 500 Corporate Operation
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Figure 2(a)- Eclipse 500 Air Taxi
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Figure 3(a)- Eclipse 500 Air Taxi@$200+$1.72/mile
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Figure 3(b)- Eclipse Air Taxi@$200+$1.72/mile
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Figure 4- Cirrus 20R
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Figure 6- $80K Single Engine Piston
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